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Serine/Threionine (Ser/Thr) protein kinases are multifarious phosphorylation enzymes which also play a central role in 
signalling events following pathogen recognition in plants. The present study describes cloning and characterisation of 
upstream promoter region of a Ser/Thr protein kinase (STPK) gene from Piper colubrinum (PcSTPK), a wild species highly 
resistant to fungal pathogens in the Piper germplasm. The gene was found to be pathogen responsive when challenged with 
oomycete pathogen – Phytophthora capsici. Transcript abundance of PcSTPK was determined by quantitative real time-
polymerase  chain reaction (qRT-PCR) which demonstrated maximum transcript accumulation of PcSTPK in inflorescence, 
followed by leaf, stem and root tissues. Inoculation of leaf tissues with the oomycete pathogen Phytophthora capsici, also 
induced significant transcript accumulation of PcSTPK in the plant. Genome walking methodology was adopted to clone 
upstream promoter elements of PcSTPK. In silico analysis revealed the presence of regulatory elements for light 
responsiveness, meristem and endosperm expression in addition to various hormone responsive elements. Our results 
suggest that PcSTPK along with its cis-regulatory elements has a role in modulation of plant stress response.  
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Introduction 
Protein kinases are crucial for the recognition of 
pathogens and defense responses in plants1. In most 
cases, defense signal perception is accompanied by 
protein phosphorylation, which activates transcription 
factors to induce pathogenesis-related (PR) genes, 
leading to local and systemic resistance responses, 
such as callose deposition and the hypersensitive 
response2-5. Protein kinases are considered as 
important nodes of cell machinery where they process 
input signals from internal/external environment and 
trigger downstream signalling which eventually leads 
to a distinct cellular response6-8. Of the various types 
of protein receptor kinases in plants, the receptor-like 
kinases (RLKs) contain C-terminal intracellular 
serine/threonine (Ser/Thr) kinase domains and/or 
versatile N-terminal extracellular domains. Their 
overall structure suggests a role of the extracellular 
domain in the perception of an extracellular ligand 
and signal transduction through the intracellular 
kinase domain. This family includes genes regulating 
developmental processes and plant defense, such as 
FLS2 and Xa219. Some protein kinases in this family 
lack extracellular domains and are localized to 
intracellular environment and they are now termed as 
receptor like cytoplasmic kinases (RLCKs). It is 
important to understand how kinase-mediated 
signalling cascades are coordinated in a defense 
response since many protein kinases are involved at 
various levels of such interactions - from the early 
detection of pathogen to mounting a visible 
physiological response in tissues10-12. Protein kinases 
are potential targets for genetic manipulation for 
transgenic solution for crop improvement as they 
regulate cascades of molecular events in plant stress 
reactions13-18.  
Wild Piper species, P. colubrinum Link., is highly 
resistant to many of the pathogens attacking cultivated 
black pepper (P. nigrum L), including P. capsici 
which causes the most devastating ‘foot rot’ disease. 
The plant is considered to be a rich repository of 
defense genes and hence has application in molecular 
breeding of black pepper. Major biotechnological 
interventions are needed for crop improvement of  
P. nigrum as many of the horticulture practices and 
conventional breeding strategies have met with 
limited success19-20 till date. A salicylic acid induced 
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subtracted library was generated in P. colubrinum in 
our laboratory for the discovery of candidate genes 
and regulatory elements as an essential step towards 
genetic improvement of cultivated pepper21. The 
Ser/Thr protein kinase gene (PcSTPK) was identified 
as a differentially over expressed gene (EB104037) in 
the subtracted library generated earlier in our 
laboratory. Transcript level expression analysis 
indicated that the gene is overexpressed in this plant 
in response to the ‘foot rot’ disease pathogen,  
P. capsici. Signalling molecules like ethylene and 
salicylic acid also induces the gene expression. 
PcSTPK when subjected to RNAi-mediated transient 
gene silencing, caused a co-ordinated transcript down 
regulation of a set of downstream defense-related 
genes in P. colubrinum22. Further, it was also shown 
that silencing of PcSTPK gene using virus induced 
gene silencing (VIGS) methodology led to increased 
susceptibility in P. colubrinum against oomycete 
pathogen Phytopthora capsici23. These data suggest a 
possible major role for PcSTPK in regulating the 
expression of defense genes. The present study 
describes the cloning and characterisation of PcSTPK 
upstream promoter fragment from wild  
P. colubrinum, which is an essential step for further 
analyses on its defense functional role and mode of 
regulation. Our data indicate the possible involvement 
of a receptor like cytoplasmic kinases (RLCK) in 
Piper defense to fungal pathogens, which needs to be 
validated further for its implications in crop 
improvement programmes.  
 
Materials and Methods 
Plant Material and Treatment 
Green house grown healthy P. colubrinum plants 
maintained under uniform growth conditions were 
used for the present study. Fresh tissues including 
leaves, stem, roots and spike (inflorescence) were 
collected for cloning and expression analysis. One 
year old stem cuttings of P. colubrinum were used for 
inoculation studies with pathogen (P. capsici). For 
pathogen inoculation, discs of fungal mycelium 
cultured on potato dextrose agar were placed on the 
surface of young leaves. Pathogen treated leaves were 
covered with polythene bags and samples were taken 
periodically for expression analysis. Polythene bag 
covered, untreated plants served as control. 
 
RNA and DNA Isolation 
Total RNA was isolated from leaf, stem, root and 
spike tissues by trizol method (Invitrogen, Carlsbad, 
CA, USA). Approximately 1 µg of DNase (Sigma, 
USA) treated RNA was used to prepare cDNA using 
MMLV-RT following manufacturer’s protocol 
(Promega, Madison, WI, USA). The isolated RNA 
sample was analysed on 2% ethidium bromide (EtBr) 
agarose gel and quantified using Nanodrop (Thermo 
Fischer Scientific, USA). Genomic DNA was isolated 
from young leaves using Genelute plant genomic 
DNA isolation kit (Sigma, USA), following 
manufacturer’s instruction. The quality of genomic 
DNA was analysed in 0.8% EtBr-agarose gel and 
quantified using Nanodrop (Thermo Fischer 
Scientific, USA). 
 
Expression Analysis of PcSTPK 
Complementary DNAs (cDNAs) were synthesized 
from total RNA collected from different tissues using 
MMLV reverse transcriptase (Promega, Madison,WI, 
USA). Gene specific primers RTSTPK1 and 
RTSTPK2 (Table 1) designed based on the sequences 
of PcSTPK (JQ398495) were used for real-time PCR 
analysis. The reaction was set up to a final volume of 
20 µL containing 10 µL SYBR green PCR reagent 
Table 1 — Primers used in the present study. The table shows the sequences of the Primers used in the present study.  
The primers GW1, GW2 and M13 F were used for sequencing.  
Primers used in the present study 
Name Sequence Binding site Accession number 
GSP1 5’-CCTGAACAAGCCGGATGCTGAAAAC-3’  202-226 JQ398495.1 
GSP2 5’-GGAGGCGATTGAAATGAACCCAGAG-3’  83-107  JQ398495.1 
RTSTPK1  5’  TCAGCAAAATCAGGTCTTCCAT 3’  1511-1533  JQ398495.1 
RTSTPK2 5’  GTAGGTGTTGTTCAAAAGGGTC 3’  1414-1435 JQ398495.1 
RTACTF 5’-ACATCCGCTGGAAGGTGC-3’   
RTACTR 5’-TCTGTATGGTAACATTGTGCTC-3’   
AP1 5’-GTAATACGACTCACTATAGGGC-3’   
AP2 5’-ACTATAGGGCAGCGTGGT-3’   
GW1 5’ GCTACTGCCCAGACTTGCATT 3’   
GW2 5’ CATGGATCACTCAACATTTC 3’   
M 13F 5’ GCTACTGCCCAGACTTGCATT-3’   




(Applied Biosystems, CA, USA), Two µL of diluted 
cDNA and 300 nM each of the designed primers and 
the conditions were: 50oC for 2 min initially followed 
by 95oC for 10 min and 40 cycles of 95oC for 15 s and 
60oC for 1 min in a real time PCR machine (ABI 
7500; Applied Biosystems, CA, USA). The 
housekeeping gene β-actin cloned from P. colubrinum 
was used for normalisation and the relative expression 
level of the genes was determined by comparing the 
Ct values using the SDS software (Applied 
Biosystems, CA, USA). In each experiment, at a time, 
two biological replicates for an event were used. 
Three technical replicates of each biological replicate 
were used for the analysis. The results were subjected 
to Student’s t-test to validate the extent of transcript 
accumulation of PcSTPK . 
 
Cloning of PcSTPK Promoter by Genome Walking 
Genome walker libraries were prepared from P. 
colubrinum using the GenomeWalkerTM universal kit 
(Clontech, USA) following manufacturer’s protocol. 
Genomic DNA isolated from fresh leaves was 
digested with four blunt-ended enzymes, DraI, 
EcoRV, PvuII and StuI. The resulting genomic 
fragments were then ligated to genome walker 
adaptors provided in the kit, to generate four Genome 
walker libraries. Gene specific primers GSP1 and 
GSP2 designed based on the sequence of PcSTPK 
(JQ398495) was used for two-round of PCR reactions 
(primary and secondary) to amplify the promoter 
sequence. For the first round PCR reaction, the 
primers GSP1 and AP1 (Primer provided with the kit) 
were used, the second round PCR (nested PCR) 
reaction was setup using the primers GSP2 and AP2 
provided with the kit. Primary PCR was set up for 
each separate library in 50 µL reactions, containing 40 
µL sterile water, 5 µL 10X advantage 2 PCR buffer, 1 
µL dNTPs (10 mM), 1 µL each of AP1 and GSP1 
primers (10 µM), 1 µL advantage 2 polymerase mix 
and 1 µL each of the respective genome walker (GW) 
library. PCR cycling conditions were set to seven 
cycles of 94oC for 25s and 68oC for 3 min followed 
by 32 cycles of 94oC for 25s and 65oC for 3 min and a 
final extension at 67oC for 7 min. PCR products (5 µL 
each) were checked on a 1.2% agarose/EtBr gel. For 
secondary PCR, an aliquot of primary PCR product 
was diluted fifty times and 1 µL of this was used as 
template. PCR reaction conditions were same as that 
of primary PCR except for the use of GSP2 and AP2 
as primers. The longest fragment obtained was 
selected and cloned in gateway compatible entry 
vector pCR8GWTOPO (Invitrogen, CA, USA). The 
ligated products were introduced into E. coli strain 
DH5α and transformed cells were selected on 
spectinomycin (50 µg/mL) supplemented Luria 
Bertani (LB) medium. Plasmids harbouring the 
secondary PCR products were isolated and sequenced 
ABI Prism Automated Sequencer (Applied 
Biosystems, Foster City, CA, USA). The primer 
sequences are provided in Table 1. 
 
In silico Analysis of PcSTPK Promoter Sequences 
The location and distribution of cis-regulatory 
sequence elements in the PcSTPK promoter were 
analyzed by signal scan search using databases  
like PlantCARE (http://bioinformatics.psb.ugent.be/ 
webtools/plantcare/html/) or PLACE (http:// 
www.dna.affrc.go.jp/PLACE/). The closest 
homologues were identified by a homology based 
search in the PlantCARE database.  
 
Results 
Expression Analysis of PcSTPK 
Quantitative real time PCR (qRT-PCR) analysis 
was conducted to study the tissue specific expression 
pattern of PcSTPK in the leaf, stem, root and spike 
(Fig. 1a). The results indicate that PcSTPK is 
expressed in all tissues examined with a significantly 
higher expression level in spike (inflorescence tissue) 
(p < 0.05, n = 6). Among leaf and stem tissues 
PcSTPK expression showed no significant variation. 
Expression of PcSTPK was also analysed for its 
response towards the pathogen-Phytophthora capsici. 
It is noteworthy that treatment with P. capsici, caused 
rapid and significantly higher expression of PcSTPK 
(Fig. 1b), which persisted for 48 hours. 
 
PcSTPK Promoter Cloning and In Silico Analysis 
Genome walking method produced amplicons of 
different lengths from DraI and EcoRV library  
(Fig. 2a & b). The longest PCR product was obtained 
from EcoRV genome walker library which was about 
4 kb. The sequence of the proximal PcSTPK promoter 
(2874 bases) as well as the position of various 
regulatory sequences is presented as Figure 3. Online 
available promoter/cis element databases PlantCARE 
and PLACE were used to identify cis-regulatory 
elements in the PcSTPK promoter fragment.  
A putative TATA-box and CAAT-box was detected at 
positions -179, and -277 respectively, upstream of the 
translation start site (Fig. 3). Potential cis-regulatory 
elements were also  identified  upstream  to  the  basal  







Fig. 1 — Expression analysis of PcSTPK  (a) Tissue specific 
expression analysis of PcSTPK. L-Leaf, R-Root, ST-Stem,  
SP-Spike, (b) Expression analysis of PcSTPK in leaves treated 
with Phytophthora capsici. PcSTPK exhibits rapid transcript 
accumulation in the presence of the pathogen and it remains at 
elevated levels after the initial sudden response. The gene 
expression levels are shown as relative fold change employing the 
2-ΔΔCt method. * - significance as shown by Student’s t-test.  
 
core promoter region on the sequence. Stress-
regulated elements, such as Box-W4 (light responsive 
element), Box II (light responsive element), MNF1 
(light responsive element), CAT box (meristem 
expression), MBS (MYB binding site), Skn-1 (cis-
acting element involved in endosperm expression), 
GCN4 (endosperm expression), HD-Zip1 (cis-element 
for leaf morphology), HSE (heat stress  element)  and  
 
 
Fig. 2 — Cloning of PcSTPK promoter elements by genome 
walking: a) Primary PCR, Lane 1-100 bp ladder (NEB),  
2-Primary amplification from DraI genome walker library,  
3-Primary amplification from EcoRV genome walker library,  
4-negative control, 5-1 Kb ladder (NEB), b) Secondary PCR Lane 
1- Secondary amplification of primary PCR product from EcoRV 
genome walker library. Lane 2-negative control, Lane 3-1 Kb 
ladder 
 
cis-elements for circadian control were identified 
(Fig. 3). In addition, putative hormone-responsive 
elements including TCA-element (salicylic acid 
responsive element), MeJA (jasmonic acid responsive 




Protein kinases (Ser/Thr protein kinases, EC 
2.7.11.1) are host immune receptors which are known 
to play a role in ETI through phosphorylation of the -
OH group of serine or threonine residues leading to a 
functional change of the target protein. Protein 
phosphorylation has been identified as one of the 
most important events in disease resistance and 
developmental pathways1,2,24-26. Many protein kinase 
homologues have been identified in plant-microbe 
interactions3,26-29. Some of them directly interact with 
pathogen-derived avirulent (Avr) gene products and 
elicit downstream signalling resulting in transcription 
factor activation, systemic responses etc2-12. Present 
day plant stress biology focus on protein kinase-based 
exploratory studies that will help to characterise the 
signalling cascade and its components27-34. The future 
challenge of such studies will be the biochemical and 
genetic characterisation of regulators, phosphorylation 
targets and other interacting partners involved in a 
signaling   event35. Sequence    analysis    of  PcSTPK  







Fig. 3 — Sequence of PcSTPK promoter elements: PcSTPK promoter sequence upstream of ATG (translation start codon) is shown  
(2874 bp). Numbering is from the first base of translation start site (+1). Putative promoter elements like TATA boxes, CAAT boxes are 
italicized and shown in red colour and highlighted. The translation start site ATG is italicized, and shown in red colour. Following are  
the important promoter elements identified in the cloned sequence : TCAGATGAG (-2758)TCA element (SA responsiveness), GTCAT-
(-2637, -2493, -2082, -1191, -1164) Skn-1 motif (endosperm expression), GCGACGCG (-2443) ABRE, AACCTAA (-2340) MRE ,MYB 
binding site /light responsive element), GGTCCAT (-2026) AuxinRR, GAAGAATAAA - (-2009) SA responsiveness, 
AGAGAAGAAAA (-1935) TCA SA responsiveness, CGTCAACTCAAT - (-1687)MeJA response, CAAAAGCCACT (-1469) CAT box 
meristem expression, AAAAAAT (-1366) HSE heat stress, TGACG (-1313) MeJ, GCATTC (-1302) CATT motif (light responsive), 
CACGTG (-971) ABRE, ATTAA (-897, -890, -699 ) Box-4 , AACCTAA (-618) MRE MYB binding site, GCATTC (-605) CATT motif. 





showed its location in cytoplasm and predicted as a 
member of the receptor like protein class, indicated by 
phylogenetic analysis23.  
Present study describes successful cloning of 
promoter element of a Ser/Thr protein kinase gene 
promoter from P. colubrinum. Plant resistance to 
pathogens is controlled by a combination of pathogen 
defense response pathways that are triggered depending 
on the nature of the pathogen and its modes of 
pathogenesis1,9,11,12,25,32,33. Receptor like protein kinases 
(RLPs) represent a big family of protein kinases, of 
which majority are transmembrane receptor kinases and 
rest are receptor like cytoplasmic kinases (RLCK) or 
receptor like proteins (RLP). RLCKs like M-locus 
protein kinases and Pto kinases do not possess 
extracellular domains. Recent studies have highlighted 
the importance of receptor like cytoplasmic kinase in 
mediating pathogen triggered immunity as well as 
effector triggered immunity1,12,33,34.  
Recent reports on the use of protein kinase genes 
focus on their potential use in crop improvement 
programme by transgenic approach26,33,35. However, the 
exact function of a large number of these protein 
kinases is quite unknown. RLCKs identified in Oryza, 
for instance, are yet to be functionally characterised34-35. 
Detailed genetic, molecular and biochemical analyses 
are required as these emerging molecules often have 
integrated roles which control different cellular 
pathways in response to specific stimuli12,34-35. It is 
worth mentioning at this point that a transient 
endogenous gene silencing of PcSTPK conducted 
earlier in our laboratory, effected a correlated 
downregulation of many transcripts which were 
differentially expressed in P. colubrinum in response to 
defense signal molecule salicylic acid22. In our present 
study, in silico analysis of the upstream promoter 
elements revealed some of the key regulatory elements 
that could be involved in the expression of PcSTPK 
under various conditions. It will help further functional 
characterisation studies of PcSTPK with respect to 
defense signalling in the resistant Piper species. It is 
important to identify/understand the functions of cis-
elements associated with various classes of receptor 
molecules as it will help to elucidate the mechanisms 
of intracellular or extracellular signal perception. Upon 
analysis it was apparent that the proximal part of 
promoter harbors salicyclic acid and jasmonate 
responding elements along with elements responsible 
for basal level expression. Functional analysis of 
cloned promoter harboring pathogen responsive 
elements will help us to better understand behaviour of 
the gene in the context of pathogenesis36-37. Pathogen 
responsive promoter elements either from the wild or 
cultivated germplasm will be of great use in crop 
genetic engineering38-40. There are several instances 
where isolated promoter elements are further used for 
biotechnological crop improvement40-52. In many crop 
breeding strategies, for disease and abiotic stress 
tolerance, novel regulatory elements capable of fine 
tuning of spatio-temporal regulation of genes are 
needed53-55. Such tissue specific or inducible promoters 
can greatly reduce the pleiotropic effect of constitutive 
expression of gene products and also investment of 
metabolic energy at unnecessary sites or period of 
time39,51,53. Further, it can also be seen that analysis of 
promoter sequences might shed light on the tissue 
specific regulation involved in the biosynthetic 
pathways46,49. 
Wild species have been widely used as genetic 
resources for introgression of useful traits into cultivated 
species by wide hybridization55. Cloning of genes and 
regulatory elements from the wild relatives and use of 
these genes in transgenic studies is an efficient way for 
modern genetic improvement. In a recent report, Cao et 
al 24 demonstrated that a putative serine and threonine 
protein kinase Stpk-V cloned from a wild relative species 
of wheat confers strong durable resistance in cultivated 
wheat towards powdery mildew38. But, in crops like P. 
nigrum, limited germplasm resources and 
incompatibility in crosses between distantly related wild 
and cultivated species pose a significant hurdle for 
conventional breeding. The present report of 
identification of a putative defense related gene and its 
promoter from resistant Piper species will have 
significant potential in P. nigrum genetic engineering in 
future. Cloning of genes and its regulatory elements 
from wild relatives of black pepper will extend the 
current knowledge base in Piper genomics as an aid for 
future in-depth high throughput approaches for 
molecular breeding in cultivated P. nigrum.  
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